Ϫ/Ϫ cells ( Figure 1A ). Northern analyses revealed that the two mouse Y RNAs mY1 and mY3 were drastically reduced ( Figure 1B) Figure 1C ). of these two observations for Ro function, we investiTo identify the RNA, we synthesized and sequenced gated the role of Ro in mammalian cells. We report cDNAs. The band consisted of a population of largely that, in mouse embryonic stem (ES) cells, Ro binds variant U2 snRNAs ( Figure 1D ). Of 38 cDNAs, 26 (68%) variant spliceosomal U2 snRNAs. Expression of mouse contained changes from wild-type U2 snRNA (see Table  U2 snRNAs in Xenopus oocytes reveals that binding S1). Variants of the splicesomal U1, U2, U4, and U5 occurs in nuclei and appears to involve recognition of snRNAs are expressed in organisms from plants to humisfolded RNA. Moreover, mouse ES cells lacking Ro mans [7-9]. To examine the entire U2 snRNA population exhibit decreased survival after ultraviolet irradiation.
snRNAs in Xenopus oocytes reveals that binding S1). Variants of the splicesomal U1, U2, U4, and U5 occurs in nuclei and appears to involve recognition of snRNAs are expressed in organisms from plants to humisfolded RNA. Moreover, mouse ES cells lacking Ro mans [7-9]. To examine the entire U2 snRNA population exhibit decreased survival after ultraviolet irradiation.
in ES cells, we prepared cDNA by using total U2 RNA In irradiated cells, both Ro and a Y RNA accumulate as template. Approximately half the U2 snRNAs (20/ in nuclei. We propose that Ro plays a general role 38; 53%) contained changes from the wild-type snRNA. in small RNA quality control and that this function is However, comparison of variant U2 snRNAs in anti-Ro important for cell survival after ultraviolet irradiation.
immunoprecipitates with those in total RNA revealed that the distribution of changes between the two populaResults and Discussion tions differed (Table S1 ). At least some of the variant U2 snRNAs appear genome encoded [10] (Table S1) (lanes 1-5) . (G) Endogenous U2 was depleted by injecting an antisense oligonucleotide into oocytes (lanes 2-5). After 4 hr, oocytes were injected with plasmids containing wild-type and variant U2 genes (lanes 3-5) and incubated 18 hr. Oocytes were then injected with a 32 P-labeled adenovirus splicing substrate and incubated 30 min. Lane 1, no oligonucleotide injection. As noted [15], spliced mRNA is low compared to lariats in uninjected oocytes. In multiple experiments, the unspliced transcript was unstable when splicing was inhibited (lane 2). structed U2 genes containing each of these changes. the changes in the variant U2 snRNAs do not destabilize U2 structure ( Figure 1E ). However, sequences in U2 that U2 transcripts containing only one change were not bound by Ro ( Figure 2D Figures 2E and 2F) as did conversion of nts  108-110 to the complementary sequence (stem mt2) . When the two stem mutants were combined, restoring the helix, Ro binding occurred (stem mt1ϩ2, Figures 2E  and 2F) . Thus, while the low abundance of the Ro-bound U2 snRNA precluded structure mapping, the finding that mutations that disrupt the novel helix eliminate Ro binding, while compensatory mutations restore binding, suggests that formation of this helix is required for Ro recognition.
As the changes in the variant U2 snRNAs do not disrupt normal U2 structure, only a small fraction of the variants may misfold into the helix recognized by Ro. We therefore tested if the variant RNAs functioned in pre-mRNA splicing. We depleted endogenous U2 RNA in oocytes with oligonucleotide-directed RNase H digestion and determined whether injection of wild-type or variant U2 genes could restore splicing. Splicing was assayed by injecting a labeled splicing substrate Figure 4; 24 hr) . Thus, upon irradiation, both Ro and mY3 RNA accumulate in nuclei.
snRNPs or are degraded, as seen for variant pre-5S
